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Abstract 
Interactive Multimedia and Expert Systems have been employed and incorporated into training practices in organisations at 
increasing rates. While they are independently developed, they possess capabilities appropriate for collaboration. The potential 
for such integration is examined in this paper, by providing support to users beyond the capabilities of each independently used 
technology. This paper presents a collaborative system for quality audit at a large car manufacturer in Europe.  It examines the 
potential of both systems individually and the promise for integration between the two. An evaluation experiment comprising of 
45 participants was conducted in which different architectures for hybridizing the two systems were tested for effectiveness. This 
study reports that a collaborative application of these systems has promise in supporting learning, by combining the qualities of 
active learning with those of rule-based justification and reflection found individually in each system. 
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1. Introduction 
For many years now, technology enhanced tools for supporting learning and training have been deployed in 
industry as an alternative or supplement to other more traditional forms of human capital development. This growth 
in usage has come about as a result of developments in research in the fields of instructional technology, computer 
based teaching, multimedia technology, and with greater understanding of human learning processes.   
2. Background 
One of the most interesting applications of expert system technology is in education. A goal among artificial-
intelligence researchers has been to develop a computerized tutor that performs at the level of an excellent human 
tutor. The resulting computer program that achieves this objective would be called an Intelligent Tutoring System 
(ITS). The effort to create truly intelligent computer-based tutors has been underway for many decades. Ultimately 
intelligent tutoring systems attempt to simulate the behaviour of an intelligent human tutor in addition to acting as a 
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domain expert (Cromley, 2000). Although the development of expert systems for training has been moderately 
successful, it is generally acknowledge that educational use of expert systems is limited due to the lack of didactic 
knowledge in most expert systems (Clancey, 1987). However, alternative models are now possible due to 
advancements in hardware, operating systems, and interactive-multimedia development tools, thus, new possibilities 
and potential for employing expert systems in learning systems have emerged.  
Interactive multimedia software is already playing a key and unique role in the educational process. It is used as 
a stand-alone educational module that is intended to enable an interested individual to learn about a particular topic 
or subject. It has been used as a supplement to classroom presentations and laboratories, and it is used as a dynamic 
textbook (Garnoll et al, 1995). By combining interactive multimedia with traditional expert systems technology, it is 
feasible to producing highly interactive intelligent multimedia learning environments that follow a constructivist 
paradigm.  
Most expert system software permits the user to interrogate and analyse the reasoning process to enquire why the 
system has reached the conclusion that it is recommending. Therefore the user may follow the reasoning processes 
built into the expert system in detail and in so doing, may learn to reason in a similar manner. By interacting with an 
expert system, the user is shown the reasoning steps that are followed in one particular example problem – it rests 
with the student to generalise (or not) from the example and discover the general principles of logical reasoning that 
the system is applying. Multimedia systems on the other hand, provide a rich visual and auditory experience that 
takes advantage of the human mind to process multiple forms of information simultaneously.  Interactive 
multimedia has had growing recognition with reference to computer-based learning systems. It supports interactivity 
with control to select media elements such as images, text, sound, animation and video in an incorporated fashion to 
influence learning (Mayer, 2001). Such systems, however, typically lack the autonomy of reasoning that intelligent 
knowledge-based systems exhibit.  Instead, interactive multimedia systems tend to rely on pre-programmed 
decisions (i.e. hard coded control paths) to support the user in navigating, etc. with the system. 
2.1. Hybrid system 
Explicit knowledge refers to knowledge that has been articulated in some form i.e. text, diagrams or decision 
trees. Nonaka (1991) refers to explicit knowledge as “formal and systematic” knowledge. In contrast, knowledge 
that cannot be easily described in formal ways is known as implicit knowledge. Explicit knowledge is identified 
through observed performance or behaviour. This knowledge can often be extracted from competent experts and 
presented in a knowledge base for reasoning purposes, or for presentation in a learning context.  Implicit knowledge, 
however, evades easy formulation and thus cannot be incorporated in expert systems.  Multimedia based systems 
have the potential to support the learning of implicit knowledge through supporting learners in constructing their 
own interpretations from interactions with the system.  Thus, a combination of multimedia learning and expert 
systems has the potential to support the learning of both explicit and implicit knowledge. One question remains 
though: How effective is a hybrid system and which of expert system or multimedia system is the more effective? 
To answer this question, an experiment was set up in which workers at a European car manufacturing plant were 
given opportunities to use one of three systems: (1) an expert system only; (2) a (non-intelligent) multimedia 
learning system; and (3) a hybrid system that utilized both the expert and multimedia systems. The following 
sections describe the experiment and the main conclusions drawn.  
3. Systems 
The experiment was carried out in collaboration with a large European car manufacturer to train their staff in the 
area of Car Auditing and quality checking. Knowledge elicitation involved interviewing two experienced auditors 
for the purposes of gathering a formal specification to create a ‘tree’ structure for the knowledge base and rules. This 
methodology utilised the knowledge acquisition model (Welbank, 1983) enabling a structured procedure to be 
formalised. Intermediate reasoning steps were identified to convert problem recognition and resolution into 
structured rules for the purposes of designing the Prolog based expert system. The multimedia system was 
constructed in Director MX and simple Lingo Scripting. The content was consistent with that of the expert system, 
but it did not have the capability to ‘run’ a model or perform reasoning to solve novel problems.  Instead, the 
multimedia system had hard coded worked examples that the trainees could consider as a basis for inducing their 
own understanding. The hybrid system was constructed by including references to the expert system within the 
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multimedia system, so that trainees would have to use the expert system for explanation, consultation and practice 
while working with the multimedia system. 
4. Methodology 
The experiment design involved three groups of 15 trainees being assigned to different systems where problem 
scenarios were given to the subjects to identify faults. The trainees were aged between 17 and 25, had basic 
knowledge in vehicle maintenance (Knowledge in simple vehicle electronics) and had expressed an interest in 
becoming vehicle auditors. The prototypes were tested on an individual basis and then in combination. Six case 
based problem scenarios were used, which were similar to those resolved cases found during training. These 
scenarios were based on faults with the hood (rear c-post pillar, forth bow, squeaks and rattles, water ingress). 
During the subsequent training period, worked examples were given to the test subjects so that they could work 
through the scenarios using the systems for familiarisation.  
 
4.1 The Systems 
 
A glossary of ‘useful’ terms (designed and improved with the assistance of the experts) was issued with each 
system and was used to give understanding and clarity to the terms used in the expert system justification process. 
The system was designed in Prolog, so simple type font was used and gave the user simple input. The multimedia 
system offered more variety of information so it embodied audio (i.e. sound, narrative) features as well as the visual 
(i.e. movie clips, pictures), which were key to this study. For the hybrid system it was important for the test subjects 
to understand the relationships between the expert and multimedia systems; therefore, specialist scenarios were 
constructed to provide the test subjects with opportunities to use both systems together. These scenarios ensured that 
the learner was purposely directed to each system using prompts. The multimedia system would refer the learner to 
the expert system for justification of the pre-worked examples, but also for studying new situations and scenarios 
that the expert system could diagnose. The multimedia system could suggest through on screen referencing further 
justification, practice and reasoning for a problem resolution or problem description; the user could recreate the 
same scenario by inputting all relevant symptoms in to the expert system. This, in turn, could execute the reasoning 
model and provide a detailed justification of the solution (i.e. a trace of the reasoning chain). Limitations in the 
expert systems ability to express information meant that it could direct the learner to the multimedia system to view 
detailed multimedia content to supplement the basic explanations given by the expert system. These were intended 
to help the user to view pictures and sounds as support to understand the justifications and reasoning in the context 
of the worked examples. The expert system could also use the multimedia system have the trainee extract 
information that is relevant to the real life problem scenario. For example, if the user can see a fault on the vehicle 
but is a not quite sure of the particular part description, they can use the multimedia system to extract relevant 
descriptions (pictures, diagrams, etc), as part of the diagnosis processes. 
 
4.4 Procedure 
 
Each group was tested individually after the training period with the systems.  They were each given six 
scenarios from a variety of topics, after which they were given 5mins to study the problems and then 35mins to use 
the systems to solve the problems. A retention test was conducted four days after the post-training test in order to 
assess how well the learned knowledge had been retained. This test consisted of fault scenarios similar to the 
original training and testing ones. A qualitative questionnaire was given to each candidate to elicit their personal 
reflections on the system they used. The learners were asked to specify factors such as their level of confidence in 
explaining and justifying their decisions to others.  
5. Results 
Data from the pre-tests and post-tests were analyzed with ANOVA and followed up with Tukey HSD post-hoc tests 
to establish whether there were any differences amongst the systems. There are five measures of learning 
effectiveness that were tested for differences: (1) performance: ability to solve problems (2) justification: ability to 
provide sound explanations of how solutions were arrived at, (3) retention: ability to recall and apply knowledge 
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over time, (4) recognition: ability to identify problems from visual inspection, and (5) context: ability to recall 
contextual information around specific problems.  Additionally, a basic assessment of performance gain, i.e. level of 
learning, was made to confirm that every system supported learning.  Table 1 shows the results data for all of the 
measurements (Expert System (ES), Multimedia System (MM), Hybrid System (HyB)). As one would expect, all 
the systems showed a clear gain from pre-test to post-test; however, interestingly, the results did not indicate a 
significant difference between the systems in the level of performance. Among the other four measures there was 
strong evidence of an effect. 
 
Table 1. ANOVA results 
 
6. Discussion 
Summary conclusions from Table 1 are that (a) the multimedia system was the worst in supporting justifications and 
explanations of problem solutions; (b) the expert system was the worst in supporting learning of contextual 
information surrounding the problem scenario; and (c) the hybrid system was the best in supporting recognition of 
problem solutions from visuals.  Furthermore, there was no one system that surpassed the others in its support for 
diagnosis performance.  Next follows a discussion of the possible reasons for these results and their implications for 
the design of intelligent multimedia eLearning systems. 
The notion of constructivism was argued by Vygotsky (1978) to support a strategy for learning, which is built 
around the concept that users construct their own knowledge and mental rules by applying knowledge and 
experience to ‘social interaction’, rather than just memorising information. Mayer (2004) outlined two Multimedia 
metaphors: passive learning and active learning. The results indicate that there was no relationship between the 
methods of learning (passive/active) and performance. This may be due to the fact that all systems had elements of 
passive and active learning in their pedagogy.  For instance, the expert system was in partly passive with much of 
the knowledge illustrated to the user in a structured manner, with set rules and direction (information was 
articulated). The active element of learning was present in that learners had the ability to practice with their own 
scenarios. In the case of the multimedia system, the user was encouraged to extract implicit knowledge (non-
articulated form) from the system, generating their individual understanding of the implicit knowledge. The passive 
element involved presentation of predetermined solutions and explanations. The multimedia system was designed to 
promote a higher level of constructivism, but it did not deliver more performance. This may be due to the greater 
effort needed to organize the knowledge and filter it. The structure of the expert system was such that much of the 
knowledge extraction process and construction had been compiled already, which made knowledge organization 
more efficient. The highly structured format of the knowledge could enable more direct application to problem 
solving than a discovery mode (i.e. multimedia system). 
The additional structure of the expert system enabled the user to improve problem-solving techniques and 
procedural knowledge. It can be argued that this is why the expert system and the hybrid system performed better 
than the multimedia system alone in supporting the generation of explanations and justifications. Both systems 
provided a script of explicit knowledge in the form of a structured decision tree.  Romiszowski (1987) proposes that 
this detailed reasoning structure enables learners to emulate expert reasoning, including justification. It can be 
concluded that the expert system element gave the users the ability to give justification and reasoning for their 
solutions. According to Mayer’s dual channel theory, humans are able to process on screen text initially through one 
channel, the visual/pictorial channel, and it is possible for learners to convert this representation in to the other 
channel. For example, the notion of a broken bracket may initially be processed in the visual channel because the 
text is presented to them on screen; the learner however may be able to form a corresponding mental image that is 
also processed in the visual channel. The mental image in this particular case may be that of a broken bracket 
MEASURE μES μMM μHyB F statistic p value Tukey HSD (p=0.05) 
Performance 74% 66% 71% 0.24 0.787 No difference between systems 
Justification 79% 47% 76% 29.8 0.0005 Evidence for ES>MM, HyB>MM 
Retention 30% 83% 90% 23.7 0.0006 Evidence for ES>MM, HyB>MM 
Recognition 23% 37% 77% 23.9 0.0006 Evidence for HyB>ES, HyB>MM 
Context 36% 78% 69% 19.1 0.0005 Evidence for MM>ES, HyB>ES 
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presented in the multimedia system. In addition the user could as result store the notion of a broken bracket in the 
auditory channel if they say the notion of a broken bracket to themselves through their own speech or hear it through 
simple narration. The success of reflecting or giving justification may lie in the fact that the information is presented 
twice and as a result there is higher chance of remembering the notion of a broken bracket. Where the test subjects 
were exposed to both text and images (the multimedia and hybrid systems) they appeared to remember more 
contextual information than when using the expert system (text only). This could indicate that as the learners were 
exposed to text, images and sound they were able to use both channels to process the information and as a result 
were able to remember other relevant information.  
The second post-test conducted four days after the use of the system aimed to distinguish any differences 
retention and application. The results indicate that those who were exposed to images, sound and implicit 
information offered by the hybrid system outperformed the other two systems in retention of knowledge. The 
retention test showed that when the test subjects were exposed to images and asked to recall from memory what the 
image showed, the multimedia element meant that they were able to make inter-relationships, which supports the 
multimedia principles (Mayer, 2004). Those who used the expert system found it difficult to apply their acquired 
knowledge to a visual situation, which may have been a result of their abstract knowledge acquisition. Even though 
they were able to provide justification for a cause they could not inter-relate the information they had obtained from 
the expert system experience. Recognition refers to the users’ ability to identify a visual image and in addition give 
its relevance to the particular scenario or situation. The hybrid system users again performed highest. This test 
showed the collaborative support that each system gives to the other. 
The Qualitative feedback indicated that the majority of users felt most comfortable when using the IM system 
rather than the ES. Users felt the incorporation of text, video, image and narration enabled a ‘supportive 
environment’ for users to recreate a scenario based situation. In contrast users felt more confident in relation to 
knowledge acquisition when using the ES element. The indicated that if they were to transfer this knowledge either 
in written form or verbally to other members within the organisation, the ES system had equipped them to give 
reasoning and justification behind their answers. Users of the DLE system felt that the integration process was very 
simple and easy to use however, they felt a more user friendly ES user interface may have made the experience 
better and would have felt more motivated to interact with the system. 
7. Conclusion 
We have investigated different combinations of intelligent and multimedia systems for their support of different 
aspects of learning. It can be concluded that different configurations provided their own benefits but that there is no 
single configuration that consistently exceeds the others.  For problem solving performance every system was 
equivalent, but for the ability to produce in depth explanations of solutions, the expert system was the vital 
component.  Where contextual information, retention and recognition of solutions was important, the multimedia 
component was critical. 
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